Local excision is an alternative to radical surgery that is indicated in patients with locally advanced rectal cancer (LARC) who have a good response to chemoradiotherapy (CRT). Regional lymph node status is a major uncertainty during local excision of LARC following CRT. We retrospectively reviewed clinicopathologic variables for 244 patients with LARC who were treated at our institute between December 2000 and December 2013 in order to identify independent predictors of regional lymph node metastasis. Multivariate analysis of the training sample demonstrated that histopathologic type, tumor size, and the presence of lymphovascular invasion were significant predictors of regional nodal metastasis. These variables were then incorporated into a scoring system in which the total scores were calculated based on the points assigned for each parameter. The area under the curve in the receiver operating characteristic analysis was 0.750, and the cutoff value for the total score to predict regional nodal metastasis was 7.5. The sensitivity of our system was 73.2% and the specificity was 69.4%. The sensitivity was 77.8% and the specificity was 51.2% when the scoring system was applied to the testing sample. Using this system, we could accurately predict regional nodal metastases in LARC patients following CRT, which may be useful for stratifying patients in clinical trials and selecting potential candidates for organ-sparing surgery following CRT for LARC
INTRODUCTION
Local excision (LE) is an acceptable treatment for early-stage rectal cancer (T1) [1] . This organ-sparing surgery avoids a permanent stoma in patients who would otherwise require abdominoperineal resection (APR). LE is advantageous in that it better preserves anorectal, sexual, and urinary functions compared to anterior resection (AR) [2] .
The metastatic status of mesorectal lymph nodes may be an important determinant of local and distant recurrent risk after LE [2] . The reported rate of lymph node metastasis in early-stage rectal cancer (T1) ranges from 6 to 11% [3] . However, less is known about the incidence of metastatic lymph node involvement in locally advanced rectal cancer (LARC, cT3-4 Nx or cTx N+) following a good response of the primary tumor to neoadjuvant treatment. Park et al. [4] reported that the risk of residual mesorectal lymph node metastasis was high despite a good response to neoadjuvant chemoradiotherapy (CRT) within the bowel wall: 20.8% among ypT2, 17.1% among ypT1, and 9.1% among ypT0 patients. Thus, the use of ypT staging to stratify patients for LE may not be appropriate [4, 5] . Importantly, no studies have demonstrated a relationship between the histopathologic features of the primary residual tumor and the metastatic status of regional lymph nodes.
Whether LE is indicated for LARC patients who have a good response to CRT is controversial. Several small studies of patients with LARC who underwent CRT
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Oncotarget 78488 www.impactjournals.com/oncotarget followed by full-thickness LE have demonstrated longterm oncological results similar to those achieved by CRT followed by APR or AR. However, the indications for LE varied in different studies [2, [6] [7] [8] . Therefore, additional clinical studies with standardized inclusion criteria are required.
The first aim of this study was to investigate whether the histopathologic features of the primary tumor following CRT correlated with the metastatic status of regional lymph nodes. The second aim was to identify preoperative predictive factors of regional nodal metastasis based on pathologic findings, and to develop a scoring system for the prediction of regional nodal status that could aid decision-making if LE is indicated. The third aim was to investigate the prognostic impact of positive regional nodes in LARC patients following CRT and curative resection.
RESULTS

Patient clinicopathological characteristics
The clinicopathological characteristics for all 244 patients are shown in Table 1 . Gender, age, tumor distance from the anal verge, ypTNM stage, preoperative serum CEA level, and preoperative serum CA199 level were comparable between the training and testing cohorts (P > 0.05). Of the 126 patients in the training sample, 81 (64.3%) were men and 45 (35.7%) were women. The mean age at diagnosis was 53.7 years (standard deviation [SD]: 14.3 years). There were 41 patients (32.5%) with regional lymph node metastasis (ypN+) and 85 patients (67.5%) with no regional nodal involvement (ypN-). We identified 21 patients (16.7%) in the database who had a complete pathologic response (ypCR) following CRT and surgery. Of these patients, 1 (4.8%) had confirmed lymph node involvement. The incidence of lymph node involvement was 38.1% (40/105) among patients with residual disease. The patient clinicopathological data were incorporated into a univariate analysis ( Table 2 ). The clinical characteristics of the patients, which included gender, age, tumor distance from the anal verge, preoperative serum CEA levels, preoperative serum CA199 levels, pre-CRT clinical T stage, post-CRT clinical T stage (ycT stage), and chemotherapy regimens, were similar between the ypN+ and ypN-patients (P > 0.05).
Gross pathologic assessment of the primary tumor
Univariate analysis demonstrated that the gross appearance of the primary tumor that remained after CRT was similar between ypN-and ypN+ patients (P = 0.068). We analyzed photographs of resected primary tumor specimens with or without regional nodal metastasis. In some cases, gross assessment of the primary tumors with regional nodal metastasis revealed either flat fibrotic scars or deep ulcerations with central necrotic regions. It was frequently impossible to distinguish between samples with and without regional nodal metastasis based on the gross appearance alone (Figure 1) . However, ypN+ patients generally had much larger tumors than ypN-patients (3.8 cm vs. 2.8 cm, respectively, P = 0.001) ( Table 2) . A significant association between ypN+ status and larger primary tumor size was also observed (P = 0.017).
Histopathologic assessment of the primary tumor
Univariate analysis showed no differences in the tumor regression grade, incidence of T downstaging, neural invasion, or mesenteric tumor nodules (P > 0.05) between the ypN+ and ypN˗ groups. The ypN+ patients had significantly less differentiated tumors (P = 0.001), higher ypT stage (P = 0.013), and a higher incidence of lymphovascular invasion (9.8% vs. 1.2%, P = 0.038) than ypN˗ patients (Figures 2-3 ). In addition, mucinous or signet ring cell adenocarcinomas (poorly differentiated histological subtypes) were more commonly observed in ypN+ patients than in ypN-patients (P < 0.001) ( 
Predictive scoring system for regional nodal involvement
To identify predictors of the metastatic status of regional nodes, multivariate analysis was performed using variables that were found to be significant in univariate analysis (e.g. tumor size, differentiation, lymphovascular invasion, ypT stage, and histopathologic type). Among the various factors, the histopathologic type (odds ratio [OR], 3.923; 95% confidence interval [CI], 1.577-9.760, P = 0.003), tumor size (OR, 1.381; 95% CI, 1.071-1.781, P = 0.013), and lymphovascular invasion (OR, 10.964; 95% CI, 1.092-110.083, P = 0.042) were independently correlated with the metastatic status of regional lymph nodes (Table 3 ). To evaluate the predictive power of the various factors, we performed receiver operating characteristic (ROC) curve analyses and calculated Youden's index. We found that tumor size was the strongest predictor of regional nodal metastasis, which had a sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of 51.2%, 81.2%, 74.2%, and 60.2%, respectively ( Table 4 ). The area under the ROC curve was 0.664. The highest predictability was achieved using a combination of these three predictors (sensitivity of 73.2%, specificity of 69.4%, PPV of 70.5%, and NPV of 72.1%). The area under the ROC curve was 0.750 (Table 4, Figure 6 ). These three predictors were therefore incorporated into a scoring system by assigning points to the various variables based on their coefficients in the logistic analysis. One point was added www.impactjournals.com/oncotarget for tumor size per centimeter, four points were added for adenocarcinoma, eight for mucinous or signet ring cell adenocarcinoma, and seven for lymphovascular invasion ( Table 5 ). The scores were calculated by taking the sum of the points from all predictors. We performed ROC curve analyses on the scores and determined that a cutoff value of 7.5 points had the best predictability ( Figure 7) . We next applied the scoring system developed in the training sample to an independent testing cohort consisting of 118 patients in order to evaluate the predictive power of the system. Using this approach, we achieved a sensitivity of 77.8% and specificity of 51.2%.
Long-term outcomes
The median follow-up for was 33 months (range, 1-99 months), and the 5-year disease-free survival (DFS) rate was 64.1%. Recurrence was observed in 16 patients. One patient had local recurrence, 14 had systemic, and one had both local and systemic. Overall, the 5-year DFS was 81.0% among ypN˗ patients and 37.4% among ypN+ patients (P = 0.002) ( Figure 8) . Multivariate Cox regression analysis demonstrated that regional lymph node metastasis was the only independent factor associated with an unfavorable 5-year DFS rate (OR, 3.504; 95% CI, 1.530-8.024, P = 0.003).
DISCUSSION
One of the major uncertainties when performing LE for LARC following CRT is the status of regional lymph nodes. Reluctance to adopt LE for LARC following CRT is primarily due to concerns about leaving behind positive regional lymph nodes, especially in the light of data indicating that positive regional lymph nodes that remain after CRT are the only independent poor prognostic factor for 5-year DFS [9] . Several studies have reported that recurrence following LE with neoadjuvant CRT was associated with lymph node metastasis [10] . In our study, a relatively high percentage of patients (32.5%) had regional nodal metastasis.
No imaging techniques can reliably predict the status of regional lymph nodes following CRT without definitive resection. According to a recent meta-analysis, there was no significant difference between the sensitivity estimates for magnetic resonance imaging (MRI) (61.8%) and endoluminal ultrasound (49.8%) for restaging of lymph node involvement in LARC patients following CRT [11] . To date, there is limited data on the relationship between the gross appearance/histology of tumors after CRT and regional lymph node status. A recently published study based on the Surveillance, Epidemiology, and End Results Program (SEER) database showed that ypT0-1 combined with pre-CRT MRI staging cN0 might be useful for selecting LARC patients who would be good candidates for LE after CRT. However, no practical criteria for the diagnosis of cN0 were established in the study. Moreover, several important histological characteristics such as tumor differentiation and lymphovascular invasion were not included in the analysis due to a lack of information, and multivariate analysis was not performed to adjust for confounding factors [12] .
Here, we determined that histopathologic type, tumor size, and lymphovascular invasion were independent predictors of regional nodal metastasis in a multivariate analysis. Additionally, we developed a scoring system based on these three pathologic parameters in order to predict the metastatic status of regional lymph nodes in LARC patients after CRT. The scoring system had a sensitivity of 73.2%, specificity of 69.4%, PPV of 70.5%, and NPV of 72.1%. In the validation analysis, we achieved 77.8 % sensitivity and 51.2% specificity.
Our system has several potential applications. First, it may act as a tool to assist with treatment selection. Because radical surgery is associated with significant morbidity and mortality, patients who have prohibitive comorbidity with a score greater than 7.5 points may benefit from LE. In several small retrospective studies, patients with pretreatment T3 rectal cancer who underwent CRT followed by full-thickness LE had local recurrence rates that were similar to those achieved with CRT followed by total mesorectal excision (TME) [8, 13] . Since some pathologic parameters were not precisely available prior to surgery for biopsy specimens. This could have resulted in underestimation of the total score due to the superficial biopsy of the tumors. Therefore, if LE is performed on the primary tumor after CRT, based on predicted scores calculated from biopsy specimens, a detailed histological evaluation of the resected specimen should be performed. If lymph node involvement is predicted, further treatment with radical surgery or irradiation may be necessary. Second, this scoring system may be useful for designing clinical trials (particularly for patient stratification). The lack of standardization in patient selection for LE was a confounding factor in previous studies. The baselines of the LE and TME groups were generally not comparable. LE patients typically have higher baseline comorbidity and smaller tumors that are closer to the anal verge [8, 13] . Therefore, randomized clinical trials (RCTs) with standardized patient selection criteria are necessary.
We found that tumor size was the strongest predictor of regional nodal metastasis. Previous studies have suggested that primary tumor size is a predictor of tumor response to CRT [14] . Several studies, including two RCTs, reported that reduction of the tumor to 2-3 cm was usually required in order for patients to qualify for LE [2, 6, 7] . In addition, the diameters of residual mucosal abnormalities were strongly correlated with ypT stage. One study showed that 95.2% (40/42) of tumors downstaged to ypT0/1 had residual mucosal abnormalities with diameters of 3 cm or less after CRT [15] . To date, little is known about the association between primary tumor size after CRT and regional nodal disease in LARC patients. We demonstrated a significant relationship between ypN positivity category and primary tumor size in univariate Long axis diameter of tumor in cm×1 Lymphovascular invasionwww.impactjournals.com/oncotarget and multivariate analyses. Tumor size is another factor that must be considered, as tumors must be relatively small in order for transanal resection to be performed. Tumor size is usually easy to estimate prior to surgery and might be an excellent predictor of regional nodal disease.
Photographs of resected specimens of primary tumors with or without regional nodal metastasis were also analyzed in this study. In many cases, we were unable to distinguish tumors with regional nodal metastasis from those without based on gross appearance alone. Histological analysis of residual primary tumors resulted in several findings that may be clinically significant. First, we demonstrated that mucinous and signet ring cell adenocarcinomas, two poorly differentiated histopathologic types, were useful predictors of regional nodal metastasis. Poor tumor differentiation was associated with nodal involvement in early rectal cancer, and tumor differentiation in LARC patients was proposed to be a biomarker that could be used to predict tumor response to CRT [16, 17] . Mucinous adenocarcinoma was shown to have a poor response to CRT, which manifested as larger residual tumors, a higher incidence of margin positivity, and a high rate of residual nodal metastasis [18] . Qiu et al. [19] reported that poor differentiation and T4 stage resulted in a high incidence of CRT resistance. However, patients with signet ring cell carcinoma exhibited either a complete histological response or no response [20] . Thus, additional studies are required to assess the role of histopathologic type in predicting nodal involvement. Lymphovascular invasion was also associated with mesorectal nodal metastases after CRT, which was consistent with data from previous studies [15] . In our study, lymphovascular invasion had a specificity of 98.8% and may therefore be beneficial for selecting patients who are unsuitable for LE. Lymphovascular invasion was also associated with poor survival after CRT [21] .
Our study had several limitations. First, it was a retrospective study and some missing data could not be reconciled. However, the data used were collected prospectively in a highly standardized manner, and the final data set was more than 90% complete. To further improve the accuracy, a prospective study with standardized pathologic diagnostic criteria is necessary. Second, some clinical information such as the MRI or transrectal ultrasonography findings [22, 23] was not available and therefore was not included in our analysis. These data will be included in future studies in order to determine whether they could improve the predictability of the scoring system.
In conclusion, our results confirm that LARC patients with regional nodal metastasis after CRT have a poor prognosis. Tumor size, histological type, and lymphovascular involvement were significant predictors of the metastatic status of regional lymph nodes. A scoring system that could predict regional nodal involvement based on these factors was therefore established. This system has relatively high sensitivity and specificity, and may assist clinicians with the selection of the optimal surgical strategy.
MATERIALS AND METHODS
Patients
We selected 1,049 consecutive patients from the colorectal cancer database at our institution who were diagnosed and treated for rectal cancer in the Department of Colorectal Surgery of Affiliated Union Hospital of Fujian Medical University between December 2000 and December 2013. The inclusion criteria for this study were as follows: histologically proven rectal adenocarcinoma, clinical locally advanced rectal cancer (cT3-4 Nx or cTx N+), received neoadjuvant treatment.
Of these patients, 244 fulfilled the inclusion criteria for the study. Patients who had stage I (n = 143) or stage IV (n = 117) disease, who did not receive neoadjuvant treatment (n = 449), who only received short-course radiotherapy or preoperative chemotherapy (n = 12), or who underwent palliative resection or emergency surgery (n = 84) were excluded from the study.
Before CRT, all patients were evaluated by staging workups, which included a digital rectal examination, video colonoscopy, chest radiography, transrectal ultrasonography, abdominopelvic computed tomography (CT), and pelvic MRI. After CRT, the same staging workups were performed (within a week) before surgery to evaluate the response to CRT. All patients received 5-fluorouracil-based preoperative concurrent chemotherapy. Preoperative radiotherapy was delivered to the whole pelvis at a dose of 45 Gy in 25 fractions, followed by a 5.4 Gy boost in three fractions within 6 weeks. Surgery was recommended 6 to 8 weeks after the completion of preoperative radiotherapy. Standard surgical resection was performed for all patients. TME was performed for patients with middle and low rectal cancers, and partial mesorectal excision with a distal margin of at least 5 cm was performed for high rectal cancers. The clinical and pathologic stages were determined according to the 7th edition of the American Joint Committee on Cancer TNM staging system [24] .
Gross pathologic assessment included tumor size (measured by the long axis diameter of the tumor in centimeters) and the gross type of primary tumor that remained after CRT. This process was aided by the inspection of digital photographs of the endoluminal aspects of the resected tumor specimens before formalin fixation (when available). Histopathological assessment included the histopathologic type, tumor differentiation, tumor regression grade, mesenteric tumor nodules, lymphovascular and neural invasion, T-downstaging, ypT stage, and ypN stage. The evaluation of T-downstaging was based on a comparison between previous clinical staging and the results of the pathologic evaluation. Patients received postoperative follow-up every 3 months for the first 2 years and annually thereafter. At each visit, imaging studies including chest radiography and abdominopelvic MRI were performed. Colonoscopy was performed 3 months to 1 year after the initial surgery and then every year thereafter.
Statistical analysis
To develop and validate a predictive scoring system, we assigned 126 of the 244 patients who were treated between December 2000 and December 2011 to the
